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Abstract 
 PCB are contaminating compounds that were widely produced in the 70s. Today it is known 
that they can cause several health effects including cancer, to animals and humans, and have 
therefore become an important issue of global interest. Filtering PCB and removing them from the 
environment has become an area of research for many chemists around the world. For this case 
study, cotton was tested as a filtering material for PCB and compared to activated carbon which is 
broadly used as a filter for this purpose. Activated carbon was also tested in order to get data on its 
efficiency as a filter, before comparing cotton to it. For the experiments, GC/MS was used as major 
tool for the analysis. Results showed that cotton is a satisfying filter for some types but does not 
filter all types as efficiently.  
 
Keywords PCB, activated carbon, cotton, filtering, GC/MS 
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Introduction 
PCBs were recognized as contaminating compounds and were therefore banned in 1979. 
Studies have shown that they can cause carcinogenic and non-carcinogenic health effects on animals 
and potentially on humans as well. Since they were banned, there has been a lot of research on how 
to filter them effectively and decompose them. Removing PCBs from the environment has become 
an issue of global concern. 
At RUC, John Mortensen has been working with PCBs and during the autumn semester in 
2014, he supervised a group that did a case study on how effective activated carbon is for filtering 
PCB. Activated carbon was shown to be a satisfying filter and during an experiment they accidentally 
discovered potential in cotton as a filter as well. This gave the opportunity for further research and 
therefore, in the spring semester 2015, we decided to work with this project. 
A filtering materials efficiency can only be understood by comparing it to another filtering 
material. In this case study, cotton was tested and compared to activated carbon which is broadly 
used for filtering PCB. Our attempt was to prove that cotton can filter PCB as effectively as activated 
carbon. 
Problem Formulation 
How effective is cotton relative to Activated Carbon at filtering PCB? 
Hypothesis 
We expect that cotton will perform well as a filter for PCB. 
We believe that cotton is a viable alternative to Activated Carbon. 
Background 
PCB 
12PCBs are produced by chlorinating biphenyls in the presence of a catalyst. Depending on 
the conditions, many different types of PCB can be produced varying in the number and kind of 
chlorines they contain, as well as the position on the biphenyls where the chlorines are found. 
PCBs were manufactured from 1929 until their production was banned in 1979. According to 
a study conducted in 1989 by de Voogt and Birkman, it is estimated that the total global production 
of PCB is approximately 1.5 million t. However, further studies (Falandysz et al., 1992 and Fiedler, 
1997) have revealed that the real total production is higher than that and unfortunately difficult to 
estimate since several factories produced enormous amounts of PCB that are unknown today. 
Picture 1 PCB chemical structure 
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3The appearance of PCB varies from thin, light coloured liquids to yellow or black waxy 
solids. Because of their non-flammability, chemical stability, high boiling point and electrical 
insulating properties, PCBs have been used broadly in several applications. Some of the most 
common ones include electrical, heat transfer and hydraulic equipment; as plasticizers in paints, 
plastics and rubber products; in pigments, dyes, carbonless copy paper; and many other industrial 
applications. 
Before PCBs were banned, they were released into the environment by being produced and 
used. Today, PCBs may only be treated only by approved companies as hazardous waste. However, 
PCBs can still be released into the environment by poorly maintained hazardous waste sites that 
contain PCB; illegal or improper dumping of PCB wastes; leaks or releases from electrical 
transformers containing PCB; and disposal of PCB-containing consumer products into sites that are 
not designed to handle such waste. 
When ending up in the environment, PCB will wander from organism to organism and 
remain in the environment without decomposing for a long period of time. They can be ingested by 
small organisms and fish, as well as accumulate in leaves and aboveground parts of plants and food 
crops. In this way, humans are easily exposed to PCB through ingesting contaminated food. 
4According to the U.S. Environmental Protection Agency, PCBs have been shown to cause a 
variety of serious health effects. Among others, they have been found to cause cancer in animals as 
well as a number of serious non-cancer health effects including immune system, reproductive 
system, nervous system, endocrine system and other health effects. From tests in humans, PCBs 
have been found to cause potential carcinogenic and noncarcinogenic effects. 
 
Activated Carbon 
5 6 7Activated carbon is commonly used for filtering drinking water. It has the ability of 
adsorbing effectively and therefore removing micropollutants such as pesticides, industrial 
chemicals, tastes and odours and algal toxins. Its adsorption ability is partly due to its structure and 
the chemical characteristics of the carbon surface. 
Activated Carbon is generally considered a good filtering material. This has to do with its 
structure. Activated carbon has on a micro scale, many fissures. These fissures capture large 
molecules while allowing smaller molecules to pass through. This means that the solvent will pass 
through but not the solute. Activated Carbon is not very expensive to produce. This is because it can 
be made from most things that have a large content of carbon. A common material to use is coconut 
shells. It is made by heating the material to very high temperatures without the presence of oxygen, 
often in a pure nitrogen environment. 
8 9Activated carbon can be reactivated thermally under anaerobic conditions in order to 
extend its lifetime. However, the thermal reactivation could result changes to its surface structure 
and specifically could cause enlargement of the macropores in the carbon due to burn-off effects, 
affecting in this way the adsorption of some compounds. 
  
Spring 2015 RUC Robin Kotsia & Bryan Houston 
2nd Semester Project Filtering PCB John Mortensen 
Page | 6  
 
Theory 
Filtering 
For this experiment we used 2 different 
filters, Activated Carbon and cotton. 
 
Picture 3 Cotton balls10 
  
 
We chose cotton as a filter because of another experiment that some other students here at 
RUC did last semester. Their results were very varied and they hypothesised that the cotton had 
effected the data. 
By running the same experiment on multiple different filter materials, we can compare them 
to each other. With the comparison, we can judge if it is likely that it was the cotton that had caused 
the imprecise data. 
For the purpose of this experiment, we assumed that the filtering materials are able to 
adsorb PCB. We will measure how much PCB can be adsorbed before the filter is “full”. We will base 
this criterion per gram of filter.  
 
Extraction 
After the first part of our experiment, we expected that the PCB is contained inside the 
filtering material in the XAD-2 tubes. In order to use the PCB in the GC/MS we needed to extract it 
from the XAD-2 tubes and get them into a solution. 
We extracted the PCB in N-Hexane. We use N-hexane because we know that PCB prefers to 
be dissolved in nonpolar solutions (calculated Log Kow values range from 3.76 for biphenyl to 8.26 for 
decachlorobiphenyl)12. N-hexane is a good nonpolar solvent that is easy to work with and is 
compatible with the rest of our experiment. Inside the XAD-2 tubes there are many small white balls. 
The PCB is adsorbed on these balls. We took the balls out of the tube and placed them inside a small 
vial with the n-hexane. This is not enough to get them to leave the XAD-2 material. We placed the 
vial inside an ultrasound bath. This got the PCB to leave the XAD and enter into the n-hexane. As 
there is an equilibrium between PCB in the hexane and PCB on the XAD, we did the extraction 4 
times. Each time with new hexane. We expected that 65% of the PCB would enter the hexane on 
Picture 2 Activated Carbon structure11 
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each extraction. This means that on the fourth extraction we will have extracted about 95% of the 
total PCB from the XAD. 
After we made the extractions, we mixed them into one vial. The main disadvantage was 
that the concentration of PCB was very low. There was a lot of hexane at this point. We used a 
vacuum chamber with small air inlets to concentrate our sample. We put the Hexane in vials and put 
the vials inside the vacuum chamber. When suction was applied to the vacuum chamber, air entered 
through the air inlets stirring the contents of the vial. Combined with the low pressure inside the 
chamber the hexane started to evaporate, the PCB preferred to stay in the liquid hexane and so did 
not evaporate. This allowed us to concentrate our sample. 
The concentration of PCB still was not very high but it gave better results with the 
concentrated version of our sample. 
 
Analysis 
The GC/MS is a combination of a gas chromatograph and a mass spectrometer, in one 
machine. It is used to separate the different components in mixtures and then get information about 
them, such as identification, qualitative and quantitative information on the amounts and chemical 
structure of each compound.13 
A GC/MS acquires data based on how many ionised particles are registered by the detector. 
However, not all of the particles that enter the machine will become ionised. Fortunately it will 
always be the same percentage that are ionized. This means that we can compare concentrations.  
By making a solution with 15 different types of PCB with a  known concentration and adding 
a known concentration of PCB 52 containing only C-13 and no C-12 we made a comparison value “k” 
that can tell us how much PCB of those 15 types there is, relative to the amount of PCB 52 C-13. If 
we then know how much PCB 52 C-13 is added to any PCB mixture then we can find out exactly how 
much PCB of those 15 types we have in our sample, using the following formula. 
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛(𝑃𝐶𝐵)
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛(𝑃𝐶𝐵𝐶−13)
= 𝑘𝑃𝐶𝐵
𝐴𝑃𝐶𝐵
𝐴𝑃𝐶𝐵𝐶−13
 
“Concentration PCB” is the concentration of a particular PCB that we put into the machine. 
“Concentration PCB C-13” is the concentration of PCB 52 C-13. “A” stands for the area under the 
curve of a specific mass on the MS for that PCB. Once we had the k values we could use the same 
formula to find the concentrations.  
John had calculated the k values, before we started the experiments, so we knew them for 
all the 15 PCB types we are measuring. 
The known solution of PCB 52 C-13 was our standard and with that, we got information 
about the other PCB that we have in the extracted solution. Before injecting the unknown PCB 
solution in the GC/MS, we added the standard solution to it. We needed to know the volume and 
concentration of the standard that we added in order to be able to use it for further calculations. 
The standard solution could be added to the solution containing unknown PCB either during 
or after the extraction. As mentioned earlier, we repeated the extraction procedure four times to 
get most of the PCB (95%) out of the XAD-2 tubes. If we had chosen to add the standard solution 
during the extraction, we would only need to extract it once, since we would get the same 
percentage of both unknown PCB and standard PCB 52 C-13. However, this would require that the 
PCB 52 C-13 is adsorbed by the XAD-2 filter and reaches equilibrium between adsorbed and 
dissolved within a reasonable timeframe. We are unfortunately not sure whether all of the PCB 52 C-
13 is adsorbed by the XAD-2 and we therefore chose to extract the most of the unknown PCB and 
then add the PCB C-13 to that solution. We could then later mathematically compensate for the PCB 
remaining in the XAD-2. 
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Carbon with a mass number of 13 has an extra neutron in its nucleus. This means that it is 
heavier than carbon C-12, but it still has the same chemical properties. That is why we use it in our 
experiments. We can distinguish PCB with C-13 from the rest of the PCBs, which have C-12 carbon. 
Since we have added the PCB with the C13 ourselves, we know how much there is. With this 
information, we can now calculate the concentrations of all the PCBs we have in our extracted 
solution. In nature, less than 1% of all carbon is found as C13. This means that the chances of other 
PCBs in our solution having only C13 carbons, is extremely small and will not affect our results. 
 
Here is a list of the PCB types, which we searched for during our filtering experiments: 
PCB 8 PCB 151 
PCB 18 PCB 153 
PCB 28 PCB 105 
PCB 31 PCB 138 
PCB 52 PCB 180 
PCB 44 PCB 194 
PCB 70 PCB 196 
PCB 101 PCB 52 (C-13) 
 
The Gas Chromatograph is a long tube, called a column inside an oven. The column is often 
about 3 meters long and the purpose is to separate different compounds. The idea is that every type 
of compound will move at a certain speed through the column. This means they will reach the end at 
different time intervals. The fastest compound will be the solvent and there will be a lot of it so that 
will be vented out before the Mass Spectrometer. If the solvent were to enter the MS then it would 
ruin the near vacuum inside and prevent MS from functioning correctly. Some compounds would 
move through the column at a very slow rate. This is why the column is in a oven. At higher 
temperatures the compounds move through the column at a higher rate. Once the solvent is vented 
the MS is connected and any compounds will be fed into the MS. 
The Mass Spectrometer is a machine that helps us find out the concentrations of the 
different PCB that were in the solution we put in the GC-MS. When the molecules have gone 
through the Gas Chromatograph, they enter the Mass Spectrometer starting with the ionization 
chamber. There they get bombarded with electrons, at 70 eV, in order to lose an electron and 
become ions. Only a certain percentage of all the molecules passing the ionization chamber will get 
hit by an electron and turn into an ion.  
The ions will now go through the MS magnetic field, which is created by the quadrupole14. 
The quadrupole is four cylindrical rods that are clamped together with specific spacing between the 
diagonally opposed rods, which is very important for the Mass Spectrometer to function. The 
magnetic field is created by applying a direct current and an oscillating radio frequency across the 
rods, with adjacent rods having opposite charges. The strength of the magnetic field depends on a 
generator which creates both the direct current and the oscillating radio frequency. 
The magnetic field is set to filter out everything but a specific mass. The ions with that 
specific mass are able to pass all the way through the magnetic field and end up hitting the ion 
detector. The detector registers how many ions it gets hit by and gives us a number that represents 
the relative amount of those hits. 
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15 Picture 4 The quadrupole in the Mass 
Spectrometer 
 
While the MS is active it changes the 
magnetic field on a regular basis. Each different 
field allows a specific mass to be led through 
the quadrupole. 
 
 
The Mass Spectrometer has 2 functions. 
a - SCAN: in this mode, the MS is set to search for a certain amount of different masses by changing 
its magnetic field every 2 ms. Practically, every 2nd millisecond, it starts looking for a new mass by 
changing the magnetic field. 
b - SIM: in this mode, the MS is searching for specific masses that we have chosen according to the 
mass spectrum of the specific PCB we are looking for. It is now spending 100 ms on each mass, which 
means that it will get more information on that specific mass and not any data on masses that are 
irrelevant for our experiment. 
The difference between the two modes is the duration, for which they search for each different 
mass and the number of different masses they search for. Both functions are useful and can be 
chosen according to the needs of the user. 
 
John, our supervisor, used the scan mode once, with standard solutions that contained 
known PCB types and the C-13 PCB 52 in order to calculate the k values. The scan mode was used 
because the optimum mass value to use was unknown. It was then possible to look at the mass 
spectrum from the scan and find the peak that had the highest abundance. The peak with the 
highest abundance will give the most precise data. The GC/MS was set to scan within the range 50-
550 amu (m/z) as we expect that the PCB will be within this range. 
During our experiment we used the SIM mode. From the previous mentioned scan search 
that was done by John, we now know the most abundant mass of the PCB that we are looking for. 
Therefore we used the SIM mode and set it to search for those 15 masses of the types of PCB we are 
looking for, plus the mass of our standard PCB C-13. In all, we searched for 16 different masses in 
SIM mode. 
The GC/MS gives the data in the form of two graphs. The first graph shows abundance of 
mass as a measure of the retention time. Retention time is the time it takes for the compound to 
traverse the GC column. Peaks on this graph indicate when a specific compound has reached the end 
of the column. The second graph can be found for each timestep on the first graph. This second 
graph is the mass spectrum given at that time interval. If the machine is run in scan mode it will give 
an entire spectrum. This is useful for identification. As we know what a PCB looks like in scan mode 
we can verify if it is a PCB that is exiting the column. In SIM mode the second graph is of little use 
unless you are searching for more than one mass. This is because it only will show masses that you 
are searching for and not an entire spectrum. 
An example of what the graph, given from the GC/MS is shown in appendix 10. During this 
project, GC/MS was used on SIM mode, since we were searching for known PCB types with specific 
masses. Therefore, the example given in appendix 10 illustrates results from a SIM mode scan. That 
can be recognized by looking at the second graph which gives a peak instead of a spectrum. 
Using a program called xcalibur we can find the area under the curves on the mass 
spectrum. You can put in the k values into the program along with the expected retention time. It 
can then automatically find the peaks and calculate the area under that curve. If the program 
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chooses the wrong peak you can manually select the correct peak. We can then use the area with 
xcalibur to calculate how much PCB there was. 
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Experiment 
Our experiment consists of three parts. First we filled the filtering material with PCB until it was 
saturated. We tested that by setting up a system with two identical outputs. One with the filter and 
one without. At the end of both outputs, we placed an XAD-2 tube that contains a filtering material 
that filtered all remaining PCB. We could then extract PCB from the XAD-2 tubes. We then ran the 
extraction through the GC/MS for analysis. 
1- Filtering PCB 
Materials 
For this experiment we used 
 Bucket with 2 holes 
 2 x Air pumps 
 2 x Syringes 
 Filtering material (Activated Carbon, cotton) 
 Filtering paper 
 PCB Source (sealant) 
 XAD-2 Sorbent Tubes (flow rate= 10-1000 mL/min) 
 Fan 
 Connecting Tubes 
Setup 
Inside a metal bucket that has two identical holes, we placed a PCB source. We used some sealant 
that had been cut into small pieces as our source. We also placed a fan inside the bucket to generate 
circulation inside. This was done to ensure that the concentration of PCB is homogeneous. The holes 
of the bucket were the same size as the circumference of the syringes. Some styrofoam was stuck to 
the bottom of the bucket and the hole was in the styrofoam as well. The syringes’ were placed inside 
the holes. The styrofoam was used to make it airtight around the syringe. One of the syringes was 
filled with the filtering material in layers. The layers are separated by pieces of filtering paper, a 
piece of filtering paper was also put at the beginning and end of the syringe. The other syringe was 
filled with the same amount of filtering paper as the first syringe. Each syringe was connected to an 
XAD-2 sorbent tube. On the other side the XAD-2 tube was connected to a pump. 
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Picture 5 Experiment Part 1-Filtering PCB Setup 
 
Method 
This setup allowed us to test filtering capacity of different types of filters. By running the two setups 
in parallel we could compare results between the empty syringe (only filtering paper) and the 
syringe with the filtering material. The two experiments were run by each their own pump. The 2 
pumps are identical and were set to the same setting. This meant that the amount of air running 
through the two setups was identical. We ran the experiment with time intervals varying between 2 
hours and 2 weeks.  
Later we tested the XAD-2 tubes to see how much PCB is in them. By comparing the results we could 
calculate how much PCB the filter had adsorbed. We expected that the XAD-2 sorbent tube would 
absorb all of the excess PCB. This we can test as the XAD-2 tube is separated into two parts. We 
could test the parts individually. If the second part of the tube contained no PCB and the first does, 
then we could assume that the first part adsorbed all of the PCB. 
The first test we did was with activated carbon. This will gave us a standard that we could use as a 
comparison for other filtering materials. 
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2- Extraction of PCB 
Materials 
 XAD-2 sorbent tubes from filtering experiment (containing PCB) 
 N-Hexane 
 reagent bottles 
 glass tubes 
 ultrasound bath 
 laboratory vacuum manifold 
Setup 
 
Picture 6 The ultra-sound bath 
Part one 
Some reagent bottles were cleaned in the ultra sound bath. This was done by pouring in some N-
Hexane and then placing it in the Ultra-sound bath. The N-Hexane was then disposed. This removed 
any impurities there might have been in the bottles. This was done 3 times. The bottles were then 
emptied and a lid was put on. The bottles were then ready for the experiment. We made sure that 
there was enough water in the bath so that the reagent bottles could be in water, but not so much 
that it caused them to fall over when the machine was turned on. 
Part two 
A sealed container, that had a holder for reagent tubes, was connected to a powerful pump. This 
pump is able to lower the pressure in the sealed container. The lid of the sealed container has small 
needles that allow a small air-flow to enter and stir any solutions that are in reagent tubes inside the 
container. 
Method 
After filtering the air in the bucket for a certain amount of time, we removed the XAD-2 tubes from 
the setup and used them for further analysis. In order to measure the amount of PCB that had been 
captured in the XAD tube, we first needed to extract the PCB from the XAD-2 material. 
First we removed the filtering material from the XAD-2 sorbent tube and placed it in a reagent 
bottle. Under the fume hood, we added 6-10 ml of N-Hexane and then placed it in the ultra sound 
bath. After 20 minutes we removed the reagent bottle from the ultrasound bath and removed the 
N-Hexane (that now has some extracted PCB in it) from the reagent bottle. We then place the N-
Hexane in a glass tube. To the same reagent bottle that still contained the XAD-2 filtering material 
we added another 6-10 ml of N-Hexane and repeated the same procedure. The extracting procedure 
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was repeated in total 4 times and all the N-Hexane from the same XAD-2 sorbent tube, was mixed 
together in the same glass tube. By repeating this 4 times, we expected to have extracted 
approximately 95% of the PCB from the XAD-2 tube, which should be enough for our experiment. 
Finally, we placed the glass tubes with the N-Hexane we used for extracting, in the vacuum manifold 
to concentrate it and get high PCB concentration. This was done by depressurizing the sealed 
container where we have put the glass tubes. This increased the rate of evaporation of the N-
Hexane. 
3- GC/MS (Gas Chromatograph / Mass Spectrometer) 
Material’s 
 N-Hexane sample with extracted PCB from XAD-2 tubes 
 GC/MS 
Setup 
As the GC/MS does not operate with an absolute scale, we needed a known concentration of a 
compound to be added to the sample. We added a specific PCB that only has C-13 and no C-12. This 
showed up on the graph at its own peak 12 m/z to the right of the PCB with normal Carbon atoms. 
We use 3 ml of the solution that we have concentrated after extracting to run through the GC/MS. 
 
Picture 7 The GC/MS16 
Method 
The extracted PCB was then fed through the GC/MS. We did this by placing the samples in the tubes 
designed for the machine. The GC/MS started by separating the compounds in the Gas 
Chromatograph. This separated it into n-hexane and the individual PCB compounds. The n-hexane 
evaporates first and can be vented out of the system before the Mass Spectrometer. With the 
Hexane out of the system the different PCB compounds could then enter the Mass Spectrometer 
one by one as a function of time. The difference in time depended on the individual vapour 
pressures of the PCB’s. By comparing the area under the curves produced by the Mass Spectrometer 
it was possible to calculate how much PCB the sample contained. We know how much PCB with C-13 
we added so we just needed to find that curve and compare with that. 
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Results 
We conducted two experiments. First we filtered PCB with activated carbon to get some 
data on its filtering efficiency. We measured several times so that we could see when the filter was 
saturated. For each time we wrote the period of time and then measured with GC/MS to find out 
how much PCB was coming through the filter and how much was coming through the empty syringe. 
By comparing those two results we were able to understand how saturated the filter was. For the 
activated carbon, we filtered 13 times, in total 28033 minutes which approximately corresponds to 
19.5 days. The syringe contained 28.6271 g of activated carbon. 
 After that we filtered PCB using cotton. Due to its density, less cotton was needed to fill the 
syringe, we used 6.021 g. This filter was saturated after a shorter time period. We measured 3 times 
and the experiment lasted in total 6391 minutes, which corresponds to 5 days. Detailed results are 
presented in this section. 
 Before we started our experiments, our supervisor John, ran some simple tests to figure 
what levels of PCB we would be working with. By pumping air from the bucket with the PCB source, 
directly through an XAD-2 tube, we got the following concentrations (graph 1). The procedure was 
repeated 3 times. These data were used as a comparison for our data. 
Graph 1 This graph shows the distribution of PCB as measured after pumping air from the PCB 
source through an XAD-2 tube. Three such measurements were made. This concentration and 
distribution was used as a comparison for our data. The line shows the total concentration of PCB 
in ng/m3. 
A graph with the same data in a percentage representation was also made to compare the 
concentrations of the different types of PCB. As it can be seen in graph 2, the concentrations are the 
same in all three measurements. 
 Graph 2 This graph shows graph 1 in percentage representation. 
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Activated Carbon 
 The experiments started with testing Activated Carbon to get data on the filters efficiency. 
For the experiment we used a syringe in which we placed 4 layers of activated carbon, divided by 
filter paper. The data we got from the XAD-2 tubes after the empty filters follows. 
  
 
 
After the third time of pumping, the duration of pumping was unfortunately lost by a 
mistake. The 12th time of pumping, the duration is 18559 minutes which approximately corresponds 
to 13 days. This duration of pumping was done in order to saturate the filter. No XAD-2 tube was 
used to collect data during this pumping, for economy reasons. 
 
Graph 3 This graph shows the amount and concentration of PCB in the XAD-2 tubes that are 
placed on the empty syringe. The line shows the total concentration of PCB in ng/m3. 
 
Graph 4 This graph shows graph 3 in percentage representation 
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The data collected from the XAD-2 tubes placed after the activated carbon filters follows. 
  
Graph 5 This graph shows the amount and concentration of PCB in the XAD-2 tubes that are 
placed on the syringe with the activated carbon filter. The line shows the total concentration of 
PCB in ng/m3. 
 
Graph 6 This graph shows graph 5 in percentage representation 
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Cotton 
 For this part of the experiment we used a syringe in which we placed 5 layers of cotton 
separated by filter paper. The cotton layers weights were:  
1st layer: 1.545 g 
2nd layer: 1.022 g 
3rd layer: 1.243 g 
4th layer: 1.168 g 
5th layer: 1.043 g 
 From the way the syringe was attached to the bucket, layer number 5 was closest to it and 
layer number 1 furthest. 
 
Picture 8 This picture shows in what way the syringe is attached to the bucket. Layer 5 is closest to 
the bucket and layer 1 furthest. 
 
 The data collected from the XAD-2 after the empty filter, parallel to the cotton filter, are 
presented here. 
  
The pumping procedure was repeated 4 times. Three times, measurements were made to 
collect data from the XAD-2 tubes. As can be seen, the second time of pumping, no data were 
measured. This was done in order to save an XAD-2 tube while saturating the cotton filter.  
Graph 7 This graph shows the PCB concentrations in the XAD-2 tubes after the empty syringe, 
parallel to the cotton filter. The line shows the total concentration of PCB in ng/m3. 
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 The data collected from the XAD-2 tubes after the cotton filter, during this experiment, are 
presented here.  
Graph 8 This graph shows graph 7 in percentage representation 
Graph 9 This graph shows the PCB concentration in the XAD-2 tubes after the syringe that contains 
cotton. The line shows the total concentration of PCB in ng/m3. 
Graph 10 This graph shows graph 9 in percentage representation 
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Cotton Layers 
 After finishing the cotton experiment, we decided to extract the PCB from the cotton as well 
and get some data on the actual cotton that we could then compare to the data from the XAD-2 
tubes after the cotton filter. Each cotton layer was extracted separately. The data from the GC/MS 
analysis of the extracted cotton layers are presented here. 
 The filter papers that were used to separate the cotton layers in the syringe were also 
extracted and measured for PCB content. All 6 pieces of filter paper were extracted together so we 
can’t know whether there were differences in their concentrations according to their distance from 
the PCB source. We assume however that there would be more PCB in the ones closer to the bucket.  
Graph 11 This graph shows the PCB concentrations found in the cotton layers. Fp stands for filter 
paper. The line shows the total concentration of PCB in ng/m3. 
Graph 12 This graph shows graph 11 in percentage representation 
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Second Cotton Experiment 
Since the purpose of this project is to test the efficiency of cotton as a filter, the cotton 
experiment was made twice. The data collected the second time from the XAD-2 tubes after the 
empty filter, are presented here. 
 
Graph 13 This graph shows the amount and concentration of PCB in the XAD-2 tubes that are 
placed on the empty syringe, from the second experiment. The line shows the total concentration 
of PCB in ng/m3. 
 
 
Graph 14 This graph shows a percentage representation of graph 13. 
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 The data collected during the second experiment from the XAD-2 tubes after the cotton are 
presented here. 
 
 During the second experiment, an XAD-2 tube was placed after the filter and the empty 
syringe every time, in order to get more specific and accurate data than the first time the 
experiment was conducted. The filtering time was smaller this time and the cotton filter didn’t get 
saturated.  
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Graph 15 This graph shows the amount and concentration of PCB after the cotton filter. The line 
shows the total concentration of PCB in ng/m3. 
Graph 16 This graph shows a percentage representation of graph 15. 
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Discussion 
Activated Carbon 
In the first part of our project we measured the filter efficiency of Activated Carbon. While 
we did this we simultaneously measured an empty filter so that we knew how much PCB was in the 
air going through the filter. We expected that the amount of PCB would not fluctuate much for the 
duration. This is not what we can see from the results. Each individual step ran for a different period 
of time. This would obviously mean that the total amount of PCB would vary. By calculating the 
concentration per m3 of air pumped through the system we could get values that are easily 
compared, and in theory should be very close to the same value. The line in graph 3 shows these 
values. It is immediately apparent that these values are not close to each other. Reasons for this 
could include faulty equipment, bad setup or meteorological conditions. We measured the 
temperature for many of the tests and could see that the temperature change was minimal. We did 
not check air moisture levels so it is possible that this was effecting the experiment. The setup could 
be compromised by the fact that the 2 holes in the bucket were not symmetrical, nor were they the 
same distance from the PCB source. This should've been irrelevant as there was a fan in the bucket 
that was supposed to assure that the concentration inside the bucket was the same everywhere. It is 
possible that the concentration was not the same and that was what caused the irregularity. 
Another possibility is that one of our pumps was faulty. This could mean that it was not pumping at a 
constant speed throughout our experiment. This would also cause our data to fluctuate. As there are 
so many unknowns then our findings are not necessarily an accurate description of the efficiency of 
Activated Carbon as a filter for PCB. 
The data for graph 5 is very nice there are few fluctuations and the fluctuations are small. It 
is clear to see that the amount of PCB that is leaking through the Activated Carbon increases as the 
time progresses. This makes sense as the filter has a limited capacity. As the filter approaches its 
capacity then the amount of PCB that leaks will increase. We measure the PCB that gets past the 
filter so it is very good that we see an increase in PCB concentrations. 
 It is also interesting to see if the distribution of PCB is the same in the empty filter (graph 4) 
as in the Activated Carbon filter (graph 6). If they are the same then we know that type of PCB does 
not affect how well it is adsorbed by Activated Carbon. If they are not the same then we will can 
make some hypotheses about what type of PCB adsorbs better to Activated Carbon. 
The distribution is very similar on all the measurements in the empty filter. This makes it 
easy to compare with. In graph 6 the first couple of columns are both slightly off with the 
distributions. They have more PCB 8 and less 18 than the other types. In general they are well 
distributed with all types. It could be that the there is so little that background noise is becoming an 
issue so it seems as though they are equal amounts. After the first two then there is a high 
percentage of PCB-18. The percentage decreases in the later measurements. It is unlikely that there 
is coming less PCB-18 so it is the other PCB that there is coming more of. This must mean that PCB 
18 is not adsorbing as well as the other PCB types so it is appearing in higher percentage when the 
filter is unsaturated. 
Cotton 
Graph 7 shows the PCB concentration in the XAD-2 tubes that came from the empty syringe 
that was tested simultaneously as the cotton filter during the first experiment, shows that 7 types of 
PCB are present in the bucket. Three measurements were done and the amounts of PCB detected 
were very different. Even though the first (485 min) and third (958 min) measurements gave a total 
amount of PCB between 2000 and 4000ng, the second (955 min) measurement is right above 
10000ng. This difference is strange and cannot easily be explained. It could be due to the syringe 
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that might be absorbing some PCB that we are not aware of. Another parameter could be the fan in 
the bucket does not provide the needed circulation. 
However if we look at the distribution of PCB by percent we can see that the distribution is 
the same in all three measurements, which is a good indicator of our setups accuracy. 
By looking at the data on the PCB concentration in the XAD-2 tubes after the cotton filter 
(graph 9) and comparing them to the data from the empty filter, we see that the change in PCB 
concentration seems to match. The three measurements have similar differences and all of them are 
lower than the measurements in the empty filter. This probably means that the cotton is absorbing 
the rest of the PCB that are measured in the empty filter. 
One very noticeable thing when looking at the data from the XAD-2 tube after the cotton 
filter, is that the most abundant PCB type is PCB 18. This is not the case in the empty filter. It looks 
like cotton isn’t good at filtering PCB 18. More is passing through the filter without being adsorbed. 
Even though it is not easy to notice due to its small concentration, PCB 8 also follows the same 
pattern. It is almost not adsorbed by the cotton at all. However, PCB type 70 that is present in the 
XAD-2 tube from the empty filters, does not seem to be present in the XAD-2 after the cotton. This 
means that cotton is a more efficient filter for this type of PCB. 
When looking into these types of PCB we see that PCB 8 contains 2 chlorines, PCB 18 
contains 3 chlorines and PCB 70 contains 4 chlorines. This could potentially mean that the more 
chlorines a PCB contains, the easier it attaches to cotton. PCB 8 and 18 also have the lowest 
retention time in the GC/MS which is caused by their vapour pressure being different than the other 
PCB types. The same reason could cause 8 and 18 to more easily pass through the cotton. It could 
also be due to the compounds weight. Perhaps the heavier molecules cannot get through the cotton 
while the lighter ones can. 
Among the measurements there was an unexpected and difficult to explain result. In the 
first XAD-2 tube after the cotton filter, a very large amount of PCB 18 was found. As can be seen in 
appendix 6, the named PCB is more than 100 times more abundant than all other PCB types 
detected in that measurement. One idea is that PCB 18 was not adsorbed at all by the cotton, as well 
as the PCB 8 which always has a low concentration. All the other types were adsorbed during this 
part of the experiment and the PCB 18 created unusually high peak compared to the other PCB 
types. 
Another idea was that what appears to be a PCB 18 is in reality another compound with the 
same mass. Since we are running the GC/MS in SIM mode, we are not able to distinguish whether it 
is a PCB or not. Unfortunately we were not able to run the GC/MS again on SCAN mode since we 
didn’t have any more extraction from that XAD-2 tube. 
However, when the experiment for cotton was repeated, the results looked very similar, 
therefore it was unlikely to have been an error. To explain this large peak we see because of PCB 18 
is not easy to explain. We can however say with certainty that cotton isn’t a good filter for it as well 
as for PCB 8 which appears in larger amounts after the second experiment. 
When looking at the measurements from the extraction from the layers of cotton (graph 
11), the first thing noticed is that the PCB type 101 is increasing from the first to fifth layer. The fifth 
layer is the one facing the bucket so the PCBs go through that layer first. This could explain why 
there is a higher concentration of the specific PCB type in this layer. This indicates that cotton is 
probably a good filter for this type of PCB, especially since in the first layer there is only a small 
amount of PCB 101. 
A result that seems strange among the cotton layers data is the 3rd layer. When looking at 
the data we see that the 5th layer contains the highest amounts of PCB and FC1 contains the lowest. 
This can easily explained again by the distance from the PCB source. The 5th layer is the one facing 
the bucket and the 1st layer is the one furthest away from it. The 3rd layer seem to have a lower 
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concentration than the 2nd layer and that is unexpected since it is closer to the PCB source than layer 
the 2nd. 
The cotton layers in the syringe were separated by filter paper and they were also extracted 
all together. In the results we can see that they contain a satisfying amount of PCBs which is similar 
to the amount found in the cotton if we take into account the weight of filter. Each piece of filter 
paper between each layer weighted approximately 0.06g.  
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Conclusion 
The purpose of this project was to evaluate the effectiveness of cotton as a filter for PCB. To 
determine that, we decided to compare it to a commonly used filter, namely Activated Carbon. To 
deal with the uncertainty that was observed the semester before us, we had two experiments in 
parallel so we could measure a control. Even with these precautions our data is very varied for 
reasons we have not been able to determine. We can however make some comparisons between 
the two filtering materials.  
The Activated Carbon could filter for about 10 hours before we even noticed any PCB leaking 
through. Even after almost 20 days of filtering, Activated Carbon was still filtering some PCB all 
though not effectively. In comparison, the Cotton reached a similar point after only 5 days. If they 
are compared with respect to weight they are very similar. The two filters had about the same 
volume but not the same density. Therefore they did not have the same mass. 
Cotton did not prove to be an effective filter for our PCB types that had few chlorines. PCB 8 and 18 
were the types we measured. In this case then Activated Carbon is a much better filter. 
To summarise, Cotton can be used as a filter instead of Activated Carbon if you are filtering highly 
chlorinated PCB, but the filter will need to be larger to accommodate the increased volume of the 
filtering material. If you wish to filter low chlorinated PCB then another filter would be better.
Spring 2015 RUC Robin Kotsia & Bryan Houston 
2nd Semester Project Filtering PCB John Mortensen 
Page | XXVII  
 
1 http://commons.wikimedia.org/wiki/File:PCB_general_structure.svg 
2  Knut Breivik, Andy Sweetman, Josef M Pacyna, Kevin C Jones, Towards a global historical emission 
inventory for selected PCB congeners - a mass balance approach: 1. Global production and 
consumption, Science of The Total Environment, Volume 290, Issues 1-3, 6 May 2002, Pages 181-
198, http://www.sciencedirect.com/science/article/pii/S0048969701010750  
3 United States Environmental Protection Agency, PCBs - Basic Information 
http://www.epa.gov/epawaste/hazard/tsd/pcbs/about.htm viewed on 07/05/2015, 11:30 
4 United States Environmental Protection Agency, Health effects of PCBs, 
http://www.epa.gov/epawaste/hazard/tsd/pcbs/pubs/effects.htm viewed on 12/05/2015, 10:25 
5 G. Newcombe, J. Morrison, C. Hepplewhite, Simultaneous adsorption of MIB and NOM onto 
activated carbon: I. Characterization of system and NOM adsorption, Carbon, 40 (2002), pp. 2135-
2146 
6 T. Karanfil, M. Kitis, J.E. Kilduff, A. Wigton, Role of granular activated carbon surface chemistry on 
the adsorption of organic compounds: 2. Natural organic matter, Environ Sci Technol, 33 (1999), pp. 
3225-3233 
7 A Matilainen, N. Vieno, T. Tuhkanen, Efficiency of the activated carbon filtration in the natural 
organic matter removal, 32 (2006), pp. 324-331 
8 R. A. Hyde, D.G. Hill , T. F. Zabel, T. Burke , Replacing sand with GAC in rapid gravity filters, J Am 
Water Works Assoc, 87 (1995), pp. 33-38 
9 J. A.Boere, Combined use of ozone and granular activated carbon (GAC) in potable water treatment 
effects on GAC quality after reactivation, Ozone Sci Eng, 14 (1992), pp. 123-137 
10 http://commons.wikimedia.org/wiki/File:Cottonballs.jpg#/media/File:Cottonballs.jpg 
11 http://www.airpurifiers-r-us.com/carbonpower.html 
12 http://www.ukmarinesac.org.uk/activities/water-quality/wq8_42.htm 
13 GC/MS: a practical user’s guide, 2nd ed. / Marvin C. McMaster, 2008, ISBN 978-0-470-10163-6 
14 GC/MS: a practical user’s guide, 2nd ed. / Marvin C. McMaster, 2008, ISBN 978-0-470-10163-6 
15 
http://chemwiki.ucdavis.edu/Wikitexts/UC_Davis/UCD_Chem_115_Lab_Manual/Lab_7%3A_Electro
spray_Mass_Spectrometry 
16 http://orgspectroscopyint.blogspot.dk/2014/11/gas-chromatography-mass-spectrometry-
gc.html?m=1 
                                                          
I 
 
Appendix 1 
  
Date Time Name Measured Value ng PCB/ m^3 air 
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19 Feb 400 nb2 2532.47421 7448.45355 
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05 Mar 120 Ca1 0 0 
 120 Ba1 245.071952 2402.66619 
06 Mar 142 Ca2 0 0 
 142 Ba2 235.413421 1950.40117 
10 Mar ? Ba3 n/A n/A 
 120 Ca3 0 0 
 1342 Ba4A 10289.6367 9020.4582 
 1342 Ca4A n/A n/A 
11 Mar 234 Ca4 31.5984343 158.865934 
 234 Ba4 2207.2 11097.0838 
 232 Ba5A 2649.3 13434.786 
 1160 Ca5A n/A n/A 
12 Mar 117 Ca5 53.5 537.925096 
 117 Ba5 2157.6 21695.3659 
 469 Ba6 943.147475 2365.85344 
 1429 Ca6 325.616328 268.074201 
 1361 Ca7 391.570942 338.480306 
 663 Ba7 21534.7728 38212.7101 
 1260 Ba8 29834.1187 27856.32 
 1419 Ca8 673.294372 558.217777 
 777 Ca9 1112.79173 1684.89929 
 1057 Ba9 27276.4379 30359.4389 
26-30 Mar 7138 None n/A n/A 
30 Mar-7 
Apr 11421 None n/A n/A 
7-8 Apr 872 Ba10 8050.14667 10860.9642 
 1253 Ca10 4143.38847 3890.32296 
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  485 BC1 6212.26846 15069.1776 
  1471 COT1 55.507856 44.3938545 
  4158 None n/A n/A 
20-21 Apr 955 BC2 22847.1425 28145.5405 
  762  COT2 13743.4335 21218.8258 
  958 BC3 7630.47859 9370.59878 
  735 COT3 4271.66074 6837.39215 
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  371 NBA1 4482.31023 14213.7632 
  974 NCOT1 96.95 117.10688 
  128 NCOT2 5.92 54.3940776 
  135 NCOT3 25.93 225.951534 
  120 NBA2 1756.91411 17224.6481 
  1146 NBA3 21139.426 21701.4947 
  114 NCOT4 39.20 404.572863 
  140 NBA4 2040.38532 17146.0951 
The table shows the amount of PCB we extracted from the XAD-2 tubes. It shows how long we 
have pumped for and the last column calculates how much PCB per m3 air there was on average 
for that duration.
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Appendix 2 
PCB  Nb1 Nb2 Nb3 
8 59.9 18.4 27.5 
18 1131.3 303.8 559.9 
28 1055.9 284.9 649.6 
31 730.1 181.6 417.0 
52 889.4 221.6 600.7 
44 542.1 148.5 380.2 
70 181.4 49.3 120.2 
101    
Total 9726.7 2532.5 6251.2 
Time 1213 400 240 
Acu. 
Time 1213 1613 1853 
ng/m3 9433.761 7448.454 30642.99 
 
Nb is made by John before the start of the project and are used as a reference to expected values for the concentration of PCB. The air pumped is only 
pulled through an XAD-2 tube.  
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Appendix 3 
PCB  Ba1 Ba2 Ba3 Ba4 Ba4A Ba5 Ba5A Ba6 Ba7 Ba8 Ba9 None Ba10 
8 3.194176 3.272922 ? 20.53186 88.46184 18.72133 26.24742 10.04 148.3183 200.0999 148.5643 n/A 35.86325 
18 48.19881 45.42196 ? 370.159 1624.672 323.1171 467.3927 207.37 3037.363 4634.184 3121.495 n/A 787.0505 
28 25.73475 24.71389 ? 230.0703 1049.241 224.8491 286.7131 92.45 2198.013 3506.97 2659.646 n/A 759.5212 
31 15.46678 14.87546 ? 145.0008 637.7613 140.1436 180.2831 55.14 1474.583 2196.62 1742.782 n/A 485.0097 
52 23.27964 22.3688 ? 211.3716 1008.687 206.6717 243.1549 96.18 2108.941 2459.854 2795.642 n/A 850.5082 
44 12.88922 12.815 ? 120.1229 604.7538 130.2007 148.2659 58.18 1422.536 913.0478 1848.272 n/A 559.5864 
70 5.414319 4.890509 ? 24.361 164.5121 34.67479 31.01678 9.2 369.6679 631.4799 490.5185 n/A 141.2539 
101              
Total 245.072 235.4134  2207.21 10289.64 2157.604 2649.34 943.15 21534.77 29834.12 27276.44  8050.147 
Time 120 142 ? 234 1342 117 232 469 663 1260 1057 18559 872 
Acu. Time 120 262 262 496 1838 1955 2187 2656 3319 4579 5636 24195 25067 
ng/m3 2402.666 1950.401  11097.08 9020.458 21695.37 13434.79 2365.86 38212.71 27856.32 30359.44  10860.96 
 
Ba is a syringe without any filtering material. Unfortunately we had some problems with Ba3 and the data were lost. In the 4A and 5A measurements 
only the Ba (empty filter) was measured. This was to save XAD tubes while saturating the filter and knowing how much PCB had been pumped through. 
“None” was not measured either. We assumed that the amount of PCB would be the average of previous measurements. 
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Appendix 4 
PCB Ca1 Ca2 Ca3 Ca4 Ca4A Ca5 Ca5A Ca6 Ca7 Ca8 Ca9 None Ca10 
8 0 0 0 2.980 n/A 2.380 n/A 3.486 17.969 6.303 8.216 n/A 13.252 
18 0 0 0 2.910 n/A 3.580 n/A 83.660 86.019 132.828 187.776 n/A 308.703 
28 0 0 0 3.903 n/A 5.820 n/A 29.105 35.868 63.735 104.512 n/A 377.712 
31 0 0 0 4.337 n/A 4.360 n/A 17.996 23.506 35.951 67.120 n/A 225.587 
52 0 0 0 3.678 n/A 5.330 n/A 36.018 42.446 70.923 118.046 n/A 450.966 
44 0 0 0 2.266 n/A 3.890 n/A 20.547 25.742 43.012 74.049 n/A 313.730 
70 0 0 0 2.800 n/A 3.220 n/A 3.749 8.607 8.256 13.360 n/A 76.357 
101              
Total 0 0 0 37.905 n/A 55.750 n/A 325.616 391.571 673.294 1112.792 n/A 4143.388 
Time 120 142 120 234 1342 117 1160 1429 1361 1419 777 18559 1253 
Acu. Time 120 262 382 616 1958 2075 3235 4664 6025 7444 8221 26780 28033 
ng/m3 0 0 0 190.573  560.583  268.074 338.480 558.218 1684.899  3890.323 
 
Ca is a syringe filled with Activated Carbon in layers separated with filtering paper. This table shows the data collected after pumping through it 13 
times.  
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Appendix 5 
PCB  BC1 None BC2 BC3 
8 30.40 n/A 103.13 44.36 
18 751.18 n/A 2277.56 978.60 
28 608.30 n/A 2214.14 692.01 
31 377.82 n/A 1420.22 466.53 
52 634.16 n/A 2355.29 834.09 
44 374.84 n/A 1609.09 539.75 
70 93.51 n/A 487.81 139.45 
101     
Total 6212.3  22847.1 7630.5 
Time 485 4158 955 958 
Acu. 
Time 485 4643 5598 6556 
ng/m3 15069.18 0 28145.54 9370.599 
 
This table shows the amount of PCB found in the XAD-2 tubes after the empty syringe, filtering next to the syringe with the cotton for knowing the 
amounts of PCB going through.  
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Appendix 6 
PCB  COT1 None COT2 COT3 
8 70.25 n/A 64.58 37.90 
18 999.99 n/A 1578.41 745.04 
28 9.91 n/A 1416.89 385.55 
31 1.91 n/A 780.63 216.31 
52 1.19 n/A 1331.80 468.79 
44 0.00 n/A 567.62 228.72 
70 0.00 n/A 7.59 0.00 
101     
Total 55.5  13743.4 4271.7 
Time 1471 4158 762 735 
Acu. 
Time 1471 5629 6391 7126 
ng/m3 44.39385  21218.83 6837.392 
This table shows the amount of PCB found in the XAD-2 tubes after the syringe that contains cotton.  
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Appendix 7 
PCB  Ffp FC1 FC2 FC3 FC4 FC5 
8 0.00 11.33 10.79 7.97 11.59 9.57 
18 207.98 463.37 425.42 350.81 440.62 369.24 
28 320.27 933.49 800.18 728.38 1113.68 1101.61 
31 218.80 625.39 591.63 529.02 802.12 836.96 
52 721.10 1940.86 1821.24 1648.81 2516.80 2303.92 
44 625.95 1633.34 1563.09 1595.80 2447.41 2332.90 
70 296.90 62.86 200.96 531.35 1657.94 2374.76 
101 96.51 6.88 22.80 78.93 403.76 709.13 
Total 5689.4 14406.1 13221.1 12280.6 20171.2 20573.3 
g cotton 0.36 1.545 1.022 1.243 1.168 1.043 
ng/g 15803.94 9324.358 12936.51 9879.81 17269.85 19725.15 
This table shows the PCB that was found after extracting the actual cotton layers from the syringe that was attached to the bucket. The first column 
shows the PCB in the filter papers that was put between those layers. 
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Appendix 8 
PCB  Ncot1 Ncot2 NCOT3 NCOT4 
8 11.22 1.15 7.85 1.19 
18 60.17 19.84 80.55 19.47 
28 8.59 0.57 2.93 2.74 
31 6.11 0.00 2.39 2.11 
52 10.81 0.61 2.25 4.44 
44 8.29   3.18 
70    2.60 
101    0.67 
Total 97.0 5.9 25.9 39.2 
Time 974 128 135 114 
Acu. 
Time 974 1102 1237 1351 
ng/m3 117.1069 54.39408 225.9515 404.5729 
This table shows the amount of PCB found in the XAD-2 tubes after the syringe that contains cotton, during the second experiment. 
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Appendix 9 
PCB  NBA1 NBA2 NBA3 NBA4 
8 30.28 7.13 87.10 6.43 
18 551.55 158.74 1757.49 145.86 
28 435.95 174.06 2014.14 196.92 
31 280.46 121.65 1344.99 136.26 
52 440.68 171.15 2105.75 202.71 
44 280.33 106.09 1425.80 132.97 
70 92.93 32.00 544.99 45.14 
101 19.83 6.16 107.99 8.44 
Total 4482.3 1756.9 21139.43 2040.39 
Time 371 120 1146 140 
Acu. 
Time 371 491 1637 1777 
ng/m3 14213.76 17224.65 21701.49 17146.1 
 
This table shows the amount of PCB found in the XAD-2 tubes after the empty syringe, during the second experiment.  
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Appendix 10 
 
 
This is a graph given by the program xcalibur, representing the data given by the GC/MS on SIM mode. 
 
